INTRODUCTION
Hot filament assisted chemical vapour deposition (HFCVD) is one of the effective techniques to deposit diamond in metastable conditions. Generally, the deposition rates of diamond by this technique are lower than 2 pm,41 at filament temperatures below 2300°C. Recently, the deposition rate has been improved by using higher filament temperatures and higher methane concentrations [l-31. For large area diamond deposition, a bigger filament is needed. In HFCVD it is common to shape the filament into the geometry of a coil. Farabaugh et al. [4] used dual coiled filaments wl.~ich were made of tungsten wire to enlarge the deposition area. Diamond was deposited at the rates of lower than 0.4 p / h and the uniformity of the deposition was not reported. A few tests have also been carried out using grid filaments to deposit diamond films on large areas. Rhenium filament can be used for long period time, at temperatures around 2000°C, but the diamond deposition rates are very low [5] . Joeris et a1. [6] claimed that their tungsten grid filament could be used in many cycles of operation. However, diamond deposition rate was not reported.
Schafer et al. 171 used vertically arranged tantalum wires as their filament. They found that diamond deposition rates were lower than 0.5 pnh and the rate varied considerably at different substrate positions. 
JOURNAL DE PHYSIQUE IV
The present study intends to use a carburized tantalum grid filament to deposit diamond on a large area with an improved deposition rate by using filament temperatures higher than the grid filaments mentioned above.
EXPERIMENT
The HFCVD apparatus used in this study consists of a cylindrical stainless steel chamber, a power supply and a gas feeding system. The essential component of the apparatus is the filament arrangement which is schematically shown in Fig. 1 . The grid filament having dimensions of 3 X 4 cm2 consists of several tantalum wires in parallel. On a water cooled substrate holder, a silicon substrate with dimensions of 2 X 3 cm2 is placed 5 mm below the filament. The substrates were polished with 1 pm diamond spray prior to deposition. In this process, the filament temperature was measured by a two wave-length optical pyrometer which had been calibrated with a black-body radiator. The substrate was heated by the filament radiation and the substrate temperature was measured by a thenno couple mounted beside the substrate.
The water cooled substrate holder can be adjusted to regulate the distance from the substrate to the filament. 
RESULTS
After 2.5 hours of heating, a newly installed filament was fully carburized into TaC as characterized by XRD ( Fig. 2 ). Such carburized filament can be repeatedly used for diamond deposition. Films deposited in 1 hour showed well defined crystalline features (Fig. 3) . The crystal structure of the films were identified by XRD to be pure polycrystalline diamond (Fig. 4) . The sharp peak in 1332 cm-' of the Raman spectra of these films (Fig. 5a-c filament showed brown color when 2%. Oz was used. It was found by XRD that the filament was oxidiz
In two hours deposition with 10 min cooling interval, the substrate was not observed to be overheated. The film morpI1010gy was uniform throughout the substrate area as shown in Fig. 7 .
The Raman spectra of such deposited film also showed a good uniformity of the diamond film the concentration of atomic hydrogen is increased when the filament temperature increased [9] . In the case of coil filament, it has been proved that CH4 concentration can be increased when the filament temperature is increased [l-31. Our present study proved that, with the grid filament, high CH4 concentrations up to 8% can be applied to deposit pure diamond film at Tr of 2400°C.
The overheating of the substrate is the main problem with grid filament. This limits both Tf and deposition time and consequently the deposition rate. In our early studies [2-31 much higher filament temperatures, 2600°C to 2890°C, could be used for high quality diamond deposition. In the present study even at Tf of 2400°C the radiation from the filament resulted after 1 hour in overheating of the center part of the substrate. This could not be avoided by enhanced substrate cooling. The intercepted deposition, allowing the cooling after 1 hour deposition, was an effective way to avoid the local substrate overheating and made it possible to grow thicker diamond films.
In the present study, Tr was measured as an average value of the filament temperature. The actual temperature in the middle of the filament may be higher than that of filament edge due to temperature gradient from the filament to the chamber wall which means it is difficult to determine the temperature distribution of the filament. Further studies are needed to measure the real temperature distribution of the filament and the substrate. This information is needed to improve the temperature uniformity and to optimize the geometry design of the filament. This can result in grid filaments which make possible the deposition of uniform diamond structure over extended substrate areas with reasonable deposition rate.
CONCLUSIONS
Using a grid TaC filament diamond films could be deposited on silicon substrate over an area of 2 X 3 cm2. At Tf of 2400°C and 8% CH4 diamond films have been deposited with a rate of about 5 pn/h. The substrate was overheated by the filament when deposition exceeded 1 hour. Such overheating can be avoided by an interrupted deposition. By careful optimization of the geometry of the grid filament and the heat balance of the system, it is possible to deposit diamond films even on larger substrate areas with reasonable rate.
